Seven compounds, (2R)-3-(2-hydroxypropyl)-benzene-1,2-diol (1), kojic acid (2), 7-O-acetyl-kojic acid (3), p-hydroxybenzoic acid (4), emodine (5), 7-chloroemodine (6), and ergosterol-5,8-peroxide (7) were isolated from the endophytic fungus Lecythophora sp. (specimen codes 30.1 and 30.5), which were isolated from Alyxia reinwardtii (Apocynaceae).
An endophyte is a bacterial or fungal microorganism, which spends the whole or part of its life cycle inside the healthy tissues of its host plant, colonizing either intercellularly and or intracellularly [1] . Endophytes, especially endophytic fungi, have been reported from virtually all plant taxa, and also from a broad range of habitats ranging from the tropics to arctic regions [2] . From a chemical point of view, endophytic fungi have been identified as a rich and reliable source of novel bioactive secondary metabolites with considerable medicinal and agricultural potential [1] .
Alyxia reinwardtii BL (pulasari in Indonesia), Apocynaceae, is one of the plants used in "jamu", a traditional herbal medicine in Indonesia. Parts and extracts of the plant are used for treating fever, diarrhea, candidiasis and aphta ulcer [3] . Chemical components of this plant reported so far include coumarin and its 5-as well as 8-hydroxy derivatives, pinoresinol, 9α-hydroxypinoresinol and salicifoliol [4] , and the trimeric iridoid diglucoside, pulosarioside [5] . In our continuing study of the chemistry of endophytic fungi, we have isolated two new endophytic fungal strains (specimen codes 30.1 and 30.5) from the stem of A. reinwardtii, which were identified as Lecythophora sp. Both specimens displayed a similar morphology, with strain 30.1 appearing blackish, and strain 30.5 reddish when cultivated on malt extract agar (MEA), while SEM indicated that both strains were identical. Microscopic observation revealed septate hyphae, phialides, adelophialides, conidia and chlamydospores characteristic for the genus Lecythophora [6] . Until the present, 6 species of Lecythophora has been reported [7] , but strains 30.1 and 30.5 did not exactly match any of these and thus probably represent a hitherto undescribed species. Reports of chemical investigations into the genus Lecythophora are scarce. To the best of our knowledge, the only natural product disclosed so far is lecythophorin, a novel chaetiacandin sulfate, which was isolated from L. hoffmani [8] .
In the present study, Lecythophora sp. 30.5 yielded (2R)-3-(2-hydroxypropyl)-benzene-1,2-diol (1) and five known compounds, namely kojic acid (2), 7-Oacetyl-kojic acid (3), p-hydroxybenzoic acid (4), emodine (5) and 7-chloroemodine (6). 1 is known as a synthetic pyrocatechol [17] , but, to the best of our knowledge, it has never been reported before as a
The structures of compounds 1-7 were determined by mass spectrometry in combination with several NMR spectroscopic techniques, i.e. 1 H NMR, 13 C NMR, COSY, HMQC, HMBC, and comparison with published data [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Our work showed that compound 2 was the major component. The highest levels of 2 (2238 ± 62 μg/mL in shaking cultures, 8 d, and 920 ± 46 μg/mL; static cultures, 14 d) were achieved by Lecythophora sp. 30.5 cultivated on the medium described by Rosfarizan [22] . These results showed that shaking cultures are more favorable for producing 2.
Experimental
General: NMR spectra were recorded on a Bruker AVANCE DMX 600 and ARX 500 spectrometers. HRMS were measured on a Micromass Qtof mass spectrometer. LC-MS were measured on a ThermoFinnigan LCQ Deca mass spectrometer, coupled to an Agilent 1100 HPLC system. HPLC analysis was carried out on an Agilent 1100 system, using a LiChrospher 100 RP-18 column ( 
Isolation of endophytic fungi: Stems of A.
reinwardtii were subjected to surface sterilization with 70% ethanol and 75% Clorox (Bayclin TM ). The efficacy of the procedure was tested by imprinting the plant surface onto agar plates containing malt extract (15 g/L, to which 0.2 g/L chloramphenicol was added) and inoculating for 14 d, at which time which no fungal growth was observed. The sterilized stems were cut aseptically and parts of the inner tissues were imprinted onto agar plates containing MEA media with the addition of powdered plant material (15 g/L) and chloramphenicol (0.2 g/L). Pure strains were obtained by repeated inoculation of growing fungi on agar plates with fresh MEA medium without chloramphenicol and powdered plant material. For isolation of the secondary metabolites, mass cultivation of Lecythophora sp. 30.1 and 30.5 was carried out separately in 750 Erlenmeyer flasks (300 mL), which containing malt extract broth (15 g/L, initial pH 6.5) under static conditions at room temperature (ca 30 ± 3ºC) for 4 weeks For the production of 2, Lecythophora sp. 30.5 was cultivated in 300 mL Erlenmeyer flasks containing liquid medium, according to [22] , at an initial pH of 5.6, and incubated at room temperature on a rotary shaker (100 rpm) and under static conditions for 16 days.
Identification of the endophytic fungi:
Isolation: Culture broth (30 L) containing fungus 30.5 (from 750 Erlenmeyer flasks) was extracted with EtOAc, and the resulting organic layer was conc. in vacuo to yield 9.93 g EtOAc extract, whilst the mycelia (60.73 g) were separated by decanting and extracted with MeOH. Partitioning with n-hexane-water yielded 2.65 g n-hexane extract. The EtOAc extract (2.99 g) was subjected to VLC on silica gel 60G, and extracted with mixtures of n-hexane, EtOAc, CH 2 Cl 2 , and MeOH in increasing polarity, yielding 19 fractions, which were analyzed by TLC (silica gel 60 F 254 , eluent CHCl 3 :MeOH:H 2 O 75:25:1). Fractions 10 to19 were combined and Chemical constituents from Lecythophora sp.
Natural Product Communications Vol. 4 (11) 2009 1487 purified by crystallization from EtOAc-acetone to yield 2 (12.7 mg). Fraction 6 was purified two times by preparative TLC (silica gel 60 F 254 ; CH 2 Cl 2 :MeOH 9:1 and RP18-F 254, MeCN:MeOH: H 2 O 2:1:1) to yield 3 (6.3 mg). The EtOAc extract (3.80 g) was subjected to column chromatography (CC) on silica gel 60G using n-hexane:EtOAc (7:3) as eluant, to yield 6 fractions. Fraction 3 was further purified by preparative TLC, as described above, to yield 5 (4.5 mg); fraction 4 yielded 1 (11.4 mg) and 6 (5.1 mg), and fraction 6 yielded 4 (6.2 mg). The n-hexane extract (2.50 g) was purified by CC [initial eluent n-hexane:EtOAc (8:2), step gradient (5%) to EtOAc 100%], yielding 12 fractions, then a step gradient (5%) to EtOAc:MeOH (8:2), which yielded fraction 13. Fractions 9-12 were subjected to preparative TLC three times [silica gel 60 F 254 , nhexane:EtOAc (1:4) and CH 2 Cl 2 :MeOH (9:1); RP-18 (MeCN:MeOH:H 2 O 2:1:1) to yield 5 (2.5 mg) and 6 (6.6 mg). Fraction 13 was purified by crystallization using EtOAc-acetone to yield 2 (3.7 mg).
By using the same method as described above, 32 L of culture broth of fungus 30.1 (from 800 Erlenmeyer flasks) yielded 10.36 g EtOAc extract, whilst its mycelium (66.75 g) yielded 2.89 g n-hexane extract. From the EtOAc extract (3.01 g), compounds 2 (10.7 mg), 5 (7 mg) and 6 (6.6 mg) were isolated.
The n-hexane extract, subjected to CC, produced 14 fractions. Fraction 9 was purified by preparative TLC (x 3) [silica gel, n-hexane:EtOAc (1:4), and CH 2 Cl 2 :MeOH (9:1); RP-18: MeCN:MeOH-H 2 O (2:1:1)] and yielded 7 (4.1 mg), whilst from fraction 14, compound 2 (2.1 mg) was recovered.
HPLC analysis of 2: Quantitative analysis of 2 was performed by HPLC using MeOH: 0.05 M sodium 1hexanesulfonate, pH 2.4 (15:85) as mobile phase, with detection by UV at 260 nm. This method was validated according to [23] , using commercially available 2 as a reference standard. The linearity of 2 was achieved in the range of 2.24 to 31.8 µg/mL, r 0.99997, Vx o 1.5%; detection limit 0.120 µg/mL, quantitation limit 0.360 µg/mL, accuracy 91.7 -104.5%, n = 36, precision as RSD 5.48% , n = 36.
